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1. INTRCXpUCm . ^ 

Metband has; been 9 prc^lem:. for . almost as long as coarhaS:t>eien;^ug.frDm:tbe ground: The 
disasters .;<^used by firedamp-explosions underground have led to laws b^^ upon the. 

. permissible levels bf firedamp, in mine?^entilatiOB^- 'T*«e=to 

■ methane define ventilation requirements and limit the^production rates possible from mining units. 
The need to provide methane control has led to ihe use of drainage techniques to extract methane- 
at high concentrations from the strata and vent it safely£> Methane drainedrlrom mines has been 
used as a fijel source and in recent years there has been increased pressure to use the resource to 
its fill! advantage. Methane emitted, into the main ventilation has now begun to b& seen as a., 
potential fiidisource^ Inspired by a dqsire to redufee thcipollution released^to atm6sphere^< sisi^ 
methane IS a^greenhouse gas witb a forcing potential-maay times higher than^U^^^^ 
dioxide. ... .V . 

2: METHANE CONTENT,. PRESSURE AND PE 

Methane contents of British Cbal Seams vary from trace to 20 mVtfl]: A survey of British Cbil: 
mines in op^afibn in 1993 |2 J provided infoVmaiibrt on the gas contents of th^^^^ 
mined. These were in the range of less than 1 m'/t to ainibsl 15 W/t. Tlife average gas cdhteht, 
weighted by production from the individual collieries, was 4.7 n^/i, with over 60% of collieries' 
mining seams within th^ range of gas contents o^ - 

It has beeti found that gas pr^iire^ of coal seams in'thc VK ar^ geher^lly 1^ th^n one fifth of 
hydrostatic i^fessurfe 13], althou^th examples of gas prfessbres appiibafchihg hya^^atic a^e knowh; 
Hydrostatic pri^ures usually obtain where coal seams aiid the intervening strata are p^^bld toi 
the surface. Utlder the^ conditions grpbndwaler pernleates the ground, pressurising ^^^^ coal 
_ 5eam$ to hydr6sta(t1c pressures: This condition is not one tHat generally obtains within the iJlC 
Dor;:froin r&ults in the literature, in other eountrifes: The under-pressure 6f TJK coal seams is 
due to the low permeability of the coal seams and the inleivehing striata. Which i^l^teS them from 
the flows of groundwater. The lack of recharge from new water flow from the surface is attested 
to by the high salinities of water which exist in Coar Measures strata 

The permeabilities of coals in Britain are generally low, cbiifipared with some lypCs bf coals 
encountered in parts of the USA and Australia, for ^*ample. ^ The fact is clearly demoiistratttl by 
flows of gas, much higher dian arc found in the UK, entering headings in some mines in those 
countries. Flows from in seaiii boreholes have also shown large differences in flow betw^n some 
overseas locations and within the UK where pressures are similar, although at much deeper levels 
m the UK. An exception to this is found at a colliery in North Wales, where headings were 
frequently gassed off aiid required in-seam drainage to reduce the methane flow. The difference 
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iii penne^biirty is likely to be due to a combination of the. nature of the coal and the confining. / 
pressure which decreases the permeability. 

The owjor sources of gas within the strata are the coal seams. However, reservoir rocks have 
been encountered during mining operations which have released quantities of methane equal to or 
in excess of those released from the coat seams. These sources arc usually sandstone beds with 
high porosity which are located In natural gas traps such as ^iclinies and fault boupded blocks. 

Essentially the flow from solid coal in ferSiiih mines is very slow. To produce significant flow the 
permeability of the coal needs to be increased, and this result is obtained by the process of mining 
disturbance. . . . 

3. MINING INDUCED GAS EMISSION 

The process of mining has twO inairi eiffecis Avhidi prc^Jiice tfo^vi'i^^^ The first is the 

internal disruption of tb^ coal' within the is^j^fn through CxtensWe irac^ The second is the 
opening of pathways through the strata to enable the gas to leave the confines of the seam. 

The rate of release of gas from comj>etenl UK coals is low, due to the low permeability and gas 
pressure. Large widely spaced fractures through the coal seams would not be sufficient to 
iiKsrcase'the rate =ofdesorption significantly needs to be fractured at the small to 
microscopic scale^^ the. fractures- hot necessarily obvious in a- large specimen; • Such fracturing . 
sep^ates the sol id: coal. iinloan -assemblage of fragments, -whichv dUe to their size^ allow their gas 
to<be r<^^ed ovCT mUch shorter time periods than nonrnj^ to i^elease the gas requires 

somerdilation of the strata; to produce >a Jower pressure reservoir for the gds to flo\v into and tb. 
produce widening of the fractures.to encourage the flow of gas from the coal. 

A lohgwall face produces a void behind it as it advances. TOe creation of 4he void means that the 
weight/Of roelt fabove cdrf: no longer be supported- and thus the stresses in the surrounding; roeics . 
are throwii- outwards into the strata at the edges ofihe excavation. The concentration of very - 
large stresses at die edges produces failure, throwing the peak stress some metres forwardtof the 
face line and gate sides. This peak stress region is referred to as the front abutment and extends 
up and over; the ixyaste in an arch; throwing its weight away to the sides. A similar condition 
exists in the floor of a district^ due to the release of vertical confining pressure on the underlying 
roj^ks. The level of peak stress reduces, witlj distance , from the working as the "arcb" closes and 
the concMftt^aVion ofcthe stresses.decreases, /the ground l^c^ind th sinks intoth^ void» 
thipu^ jfracture, creating dilation i 

The siresses due to the front abutment affect the coai; seams greatly, as they are amongst th^. .- ■ 
weakest materials in Coal Measures strata, mudstones only being comparable in strength. The 
high confining pressure and the anisotropic stress field of the front abutment zone disturb the 
internalislmcture of the coal searn, as required to produce degassing, while the movement of the 
strata.producK the dilation required ITor gas to flow from the coal . Reservoir rocks have been 
found to brfiave simi to coal seams in that they appear to release their gas only under the 
impapt of liiinmg disturbanc ..Evidence foir this comesi from die observation. that Uje emissions of 
mcthanejirom "sites witf^^^ emissions from. reservoirs follow closely those expected frotm coal, seams 
.5done, albeit increased l>y a. large . 

The zone around the coal working which releases methane into the.working is a ftmction of the ; 
size of the excavation and the depth of extraction 15). Bodi factors serve to increase the stresses 
obtaining^ around the working, which t>oih increases the degree of fracture and the size of the 
fracture zone.. By virtue of this, drivages tend to relea|se;gas from the mined seam alone, while 
longwall districts release gas from regions up to about 200 m distarit. The limit in the range of 
gas emission, especially for large extractions is most likely caused by a reduction in inter-seam 
permeability due to regions of compression. Within this compression envelope methane may still 
be released for sometime after mining has occurred, although at lower flows due to the 
. recompactioD of the strata and the reduced gas pressure due to degassing. 
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4. RADICAL DRILLING OPTIONS FOR IMPROVED MFTMANE CAPTURE 
411 Scope far Improvements J ' 

Current methane drainage practice in the UK and elsewhere is to drill a njumber of cross measure 
holes firbm' workings around ani active lpi$gwall'Whi(:HVaf^^ to'ih^^soect f)ractafes created 

during the mining operation. XJas liberated during '^jhiii^Jyill. tijM^ ilS^ay ddwh'flie pressure 
gradient to these fractures and hence to thisi drainage boi^^ which, are maintained under 
suction to deliver gas to the surface.' . .. 

Additional methane draitiage potions baVe be^n under' (^hskfE^aitibn i the VK for sometimeiii 
order to. improve; the 'fio^cdotage of methane captUiredL The goaf of this work is to ffeaiuce ih6 
vbiuiife of oft^ane yielded to the mine atnibs|>ber^ ahd to ihc^e£e the Vbtumt^ 6^ methane ; 
. deliv^ed^to. the Surface for sb^equdftt comm^cial betiiefit: lliii'^iivaifabla dptions'fa^ into tti're^ • 
categ'6r1«J namely:- ' ' - - • > • • . -• :>? :- - x- • ; • -:. 

. Ah'emtpling to drain, methane Ironi coal nneiasufiss befd'rie ' rojrt inp > ' using multiple bdreholes 
'dnlle^ into die c^ ' ' ' 

Attempting to dV ill long bpri^ol-^ inl6 ^i^ta Sbo^e w tyi^o^ plahned idngw^lls wbf cli Dirill 
contribute to drainage efficiency throitehout the life bf 'the loiVgwall. 

• Attempting to drain gas* .^fter lonltwall trig is ^ci^inpleied; by drilf irig borehole^ into the 
volun^e of enhanced porosity and permeability created by the extraction .of the coaJ. 

Each of these ojptions offers a techniekl challenge connected' WiOi't^ drilling operatibh itself, quite 
. apait frdiii itsHkelihbbd of .6bmi)^^c1;d success m tek^ of the additional S^Iiim^^ 
The UK wtpeneince is DUtH^^ ' ' ' 

4JZ PrcKlrainage of tnethahe frorti coaf measiiir^^^ 

Pre-drainage of niethane has t>een successfully pursued outside the 1)KI6), and work of this kind 
is the basis of Coal Bed Methane (CBM) projects around the world. Boreholes are drilled along 
the cpal seam, either horizontally from within the mine or initially vertically from the surface^ and 
^as drained either through the iiatursli permeabiiitjr of ih'fe coaJ li^df or tMPdugh' enbahted 
permiMibfli^ induced' by hydro ^ ' • : 

At face value, by far the more attractive option ^oiild be to drill in^seam -holes from within the 
mine itself, since^ in this case every metre drilled provides surface area for drainage of the target 
strata. However, there is much experience of horizontal tiHseam drilling within thfe UK 
coallieids, generally for ex|>l5ratioh purposes, and this exp^iehce has f^i^uently proven 
expensive. A number of factors have c^tiributed to the dijFflcufties encountered, liamely:-" 

. When drilling from the surface down, tontrof of hydroytatic- pressure within the mud 

column is vital in order to maintain stability of the l>orrf)ole. When drilling horizontally 
from within a mine roadway at typical UK depths of 5(X) ifi - 1060 liri, out into strata 6f 
. in-situ stress resulting from this depth of burial, stability of the borehole wail depends 
solely on the mcchanicai strength oif thd relevant strata. ' In all but a few coal seams, the 
inherent coal strength has proven insufficient to provide routinely favourable drilling 
conditions. ~ 

• In-situ stress in the vicinity of an extracted longwall differs quite strongly from the stress- 
field prior to extraction, with a marked' increase in vertical stress 20 or so metres from the 
extraction. Thus, particular difficuity has been found 

iilongside extracted longwal Is : 
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•c /: (JriHing closely jpai^tel to the bedding plane of highly-laminated coals, boreholes 
will intersect strata at very low angles. Where a hole intersects an argillaceous band at 
such low angles, hydration of the clays by drilling fluid can cause swelling whidh. traps a 
considerable length of drill stem, causing failure of the borehole. 

• i^Typical sxirfacjs rfriliing rigs for ^ploratibn in the UK coalfielcfs provide around 200 hp to 
l.".&e windi ai^^ Ri^ ablejo wort in the r^tiridted difDensR>ns of a miiae \ 

^roadway g^neia^ provide les^^^^ bp. Thus, apy problems riesuhiiig m trapping of . 
drSi stem are less likdy to 

WhileJ$^chni<^ "fixes" may be qpnsideral to most of these probl.eni fatJtors,: tog^ca:.they • 
conspire to make the a^t per metre .oif Ibnig tnKseam fcoirebbics rdaijyyy hi^ arid ^; 
unpredicated Vt^iilef tfieie are ejjcipticms the ge^^ situatidp fe that multiple in-scam'rfcgas^^ 
holcs,bay%jprpved.a.y.e^ proposition^ weii .wil^ coiutienB.^^pt]^^ 

in se^ionl^ 6f this pa^) abbiit the potent!^ make of gas froiti such ^les once.they are in place. 

Hepce„;rt>as l»en necessary to^ consider the option of drilling from surface, with the possibility of 
deviating a hole to run the coal 10 be disg^ed: of the 

CBM industry, which has not as yet proven itself commercially in UK cohditibiis. It ihay 
tti^^ffiixe bft prudent for coal mine ppnerators to await infprmatjon on the techpical ^d commercial 
^icccss of «i<Si cnterpfisi^^^^ .. : 

4.3 PreKlrillinp drainaee hales above or helow a longwall prior, to extraction 

Three recent attempts have been made to drill long boreholes Sbove or below a target seam to 
locations which are expected to cpllect^ gas during the mining opw^tion. This kind of work niay. 
beist bjB. like^^ project )n which the permeability e^^^ is aphi^yi^ 

<^iiveniions& hydriDirracturc operation, t)ul by the massive fiactiunng resiilting fh)m Ip 

In two of these attempts, each drilled above the plan longwall, all the drilling limifations listed 
under section 4.2 of this paper were encountered, and neither project yielded commerciilly 
sensit>le quantities of. gas or contributed materially to niethane clearance from the mine 

^tnpK)spber.e;/-. . . f-. 

in die third trial,! cuirr«ifly in progress, holes are being dniled aJ^n^.a seaiii abou^^ m^res below 
the coal to be longwall^. The seam being drilied and a gis sanid associate with it iare kiiQYn tp 
contribute strongly to the make of gas during mining. It is hppeA that a significant prppbrtibn of 
this gas will l)e. captured. by the additional drainage holes. 

So far this operation has prpg^^ largely to. the sueii^ , 

the relatively short (around 100 m) nature of the holes being atternpted. tioweyer, Jt is tpo. early 
to provide a fiill envirphmental and commercial assessment of .the prpjecU .. .... 

4.4 Post-drainage of methane from Jongwall goafs . 

1rbe {>oss of drilling, either from surface or underground, into airea above a longwall 
which . has already been extracted may offer the best chance of cpmmercial^^r^^^ in terms of gas 
made ayaiiable for subsequent use. It may also provide some reduction in gas rea.ching the mine . 
atrhosphere by virtue of a decrease in migration of gas from previously extracted areas into 
current workings. The concept is similar to previous al>antioned mine drainage schemes|7,8J, in 
which access to collieries has been maintained via shafts or boreholes after closure. 

^I^rojects of ihis kind are apparently l>eing developed in the US and Poland and have been under 
consideration in. die UK fcir several years|9j. One major exercise has been worked up over the 
past two years as a collaboration between IMCL and a US gas. company. The issues concerned 
arc complex, involving a range of hurdles to cross relating to liabilities, health and safety. 
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planning and production permits a'nd ownership. In addition; Vijtk of this kind hak to be carried' 
out against the background of one vita) unknown (Quantity ^ naiftely the ratiK at wHicfi' gaCs^i^' being 
lost from the man-made reservoir by difTusioh and displacerhent by nsihg iriine watertt ^ 

However, the commercia) potential involved in the many hundreds of closed collieries around the 
UK must justify investment. Ideally, such projects should target areas where a large number of 
loDgwalls have been extracted beneath a suitably impermeable cap rock, preferably within an 
anticline Or ^It trap structure. For the reasons listed in section 4J2, surface drilling would be 
favoured, and while there are technical challenges involved in drilling into destressed ground^ 
there are no problems which have not previously been encountered and overcome during 
exploratbn of the UK coalfields. 

The pressures, purities and in-place volumes of gas anticipated in such projects are probably ool 
sufficient to generate sufficient income for long pipelines to be constructed. Hence, gas use 
would need to be centred close to the extraction borehole. However^ given the fact that 
redevelopment of closed colliery sites will frequently involve the creation of light industrial and 
retail units with considerable heat and power requirements, this restriction may not prove too 
onerous. 

Given, also, that in many instances gas trapped within old mines may eventually migrate to the 
surface, leading to a risk of dangerous accumulation, active draining of this kind will have 
positive environmental benefits. 

CONCLUSIONS 

Experience in the UK has shown that ambitious methane drainage projects involving prerdrilling 
of long horizontal boreholes within or close to coals prior to mining have generally proven to; be 
technically demanding and expensive. This does not mean that they should no longer be 
considered, and in particular cases where the geology is expected to be favourable, further work 
will be pursued. This may be especially justified where the bordiole to be drilled will have 
. . ^exploration value to the mine. 

The option of degasssing abandoned mine workings offers fewer technical demands and may have 
been insufficiently pursued in the UK. While the legal, regulatory and commercial frameworks t 
against which this work must proceed are complex, the potential resource value involved justifies 
the pursuit of pilot projects. 
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